Purpose: The aim of this study was to report on results of uveal melanoma treatment with ruthenium-106 ( 106 Ru) brachytherapy with long-term follow-up, in terms of local tumor control, eye retention rate, radiation retinopathy, and patients' survival.
Purpose
Ruthenium-106 ( 106 Ru) is used mainly in Europe for the treatment of ocular tumors up to 6 mm in thickness. It was introduced to ocular oncology in 1970s by Lommatsch [1] . 106 Ru is a beta ray emitter particularly suitable to treat small, circumscribed lesions. Its half-life is approximately one year. The radiation is delivered by the means of different episcleral applicators (plaques) coated with silver, which are manufactured in various shapes and diameters. Other radionuclides traditionally used for ophthalmic brachytherapy include iodine-125 ( 125 I) and palladium-103 ( 103 Pd) [1] . 125 I was attenuated for the ophthalmic use with specially designed COMS plaques in the United States. In 1991, the use of iodine plaques was also a subject of a randomized study comparing the use of the plaques versus surgical removal of the globe with uveal melanoma (COMS study) [2] . It showed no difference in terms of 5-year survival between both arms of the study, and proved the safety of ophthalmic radiation treatment [2, 3] .
However, the I-125 is gamma emitter and more likely to cause radiation side effects than Ru-106, if same-sized tumors are treated [4] .
The aim of this study was to report the long-term results of uveal melanoma 106 Ru brachytherapy in terms of local tumor control, eye retention rate, radiation retinopathy, and patients' survival, based on one center experience.
Material and methods
Consecutive patients that underwent ruthenium brachytherapy for choroidal melanoma with or without ciliary body involvement at the Department of Ophthalmology, University of Medical Sciences, Poznan, Poland, between 1994 and 2014 were included in this study. Four patients with no recorded follow-up visit were excluded from the analysis. Other exclusion criteria comprised iris involvement, which is known to have better prognosis, or if the plaque was applied for other type of tumor (i.e.,
Journal of Contemporary Brachytherapy (2017/volume 9/number 6) vascular tumor). Large tumor size (thickness over 6 mm, longest basal diameter > 18 mm) tumor location within 1.0 mm from the optic disk or fovea were considered relative contraindications, and possible adverse effects of ruthenium brachytherapy were explained to the patients before they gave informed consent for the treatment [5, 6] . Patients presenting with ciliochoroidal melanomas not eligible for ruthenium brachytherapy, because of tumor thickness and/or its location, were offered other types of treatment [5] . The end of follow-up was defined as the last recorded date of follow-up visit. The survival data were checked with the local and national cancer registry.
The diagnosis of uveal melanoma was made after detailed clinical examination, B-scan ultrasound, and in some patients, fluorescein and/or indocyanine green angiography. The patients were screened for distant metastases at the time of diagnosis with liver ultrasound, chest X-rays, and routine blood tests. All procedures were carried out with the use of 20 mm CCB ruthenium plaque. The treatment protocol aimed to deliver the approximate dose of 100 Gy to the tumor apex with the scleral dose not exceeding 1,000 Gy. With large tumors, higher scleral doses were accepted [5, 6, 7] . Medical physicist and radiation oncologist were involved in the planning procedure. The surgeries were performed under local or general anesthesia according to the tumor location. Postoperatively, patients were seen 4 weeks after the surgery, 3-6 months, and then on annual basis, if no serious side effects were noted.
Main outcome measures were: metastasis free survival, local recurrence, secondary enucleation, and radiation retinopathy. The local recurrence was defined as the increase of tumor thickness in at least two consecutive ultrasound follow-up measurements, or the increase of basal diameter comparing to preoperative photo at any time following the surgery. The appearance of radiation retinopathy was defined as the presence of retinal hemorrhages and/or lipid exudates with macular edema, or as the appearance of retinal hemorrhages in more than two quadrants or lipid exudates without macular edema.
For statistical analysis, a Statistica for Windows v.12, Serial No. JPZP611B316611AR-B, (StatSoft Inc. Tulsa, OK, USA) was used. For the assessment of differences in nominal variables, the χ 2 test was used; for categorical variables, the Mann-Whitney U test was applied. In order to evaluate survival probability according to stage and risk for secondary enucleation, the Kaplan-Meier model was used with log rank test for comparing both groups. Risk factors for metastatic death according to initial tumor characteristics were assessed in Cox univariate analysis. Coefficient p lower than 0.005 was considered statistically significant.
Results
We identified 126 patients: 53 men, 73 women, mean age 60.5 years (range, 21-89). Men were older than women at the time of treatment (p = 0.047). The largest basal diameter of the treated melanomas ranged from 4.04 mm to 18.9 mm (median, 10.67 mm), tumor height ranged from 1.9 mm to 7.42 mm (median, 4.8 mm). The median follow-up was 66.5 months (range, 2-261 months). According to TNM staging, 28 tumors were T1 (22%), 89 -T2 (71%), 8 -T3 (6%), and 1 -T4 (1%). Among 126 treated uveal melanomas, 22 were stage I (18%), 90 -stage IIA (71%), 13 -stage IIB (10%), and 1 -stage IIIA (1%). One patient presented with extrascleral extension of a predominantly ciliary body lesion; 7 years post-treatment, the globe is preserved with the best corrected visual acuity of 0.5. The patients' characteristics is presented in Table 1 .
Median scleral radiation dose was 570 Gy (range, 235-1,500 Gy), and median apical dose 100 Gy (range, 60-129 Gy). The radiation treatment was delivered in the mean time of 4.2 days (range, 1-10 days). In 47 cases, ad- Local tumor control was achieved in 18 (86%) cases. We noted 3 recurrences that were managed with enucleation. Twelve (57%) patients died before the end of the study, 7 (33%) out of metastatic disease.
Local tumor control
The local tumor control in our series was 89.6% at 3 years, 83.3% at 5 years, and 80% at 10 years post-treatment. We noted a total of 19 (15%) recurrences, median time to recurrence was 24 months. The actuarial rate of recurrence was 9.5% at 3 years, and 13.5% at 5 years postoperatively. The risk of recurrence was associated with: largest basal diameter of the tumor at presentation (p = 0.0281) and the location of the tumor margin within 3 mm to the macula (p = 0.049), but not with tumor thickness (p = 0.897), scleral (p = 0.758), and apex radiation dose (p = 0.266), or the proximity to the optic disk (p = 0.289). Four (21%) recurrences were managed by second ruthenium plaque insertion, 10 (53%) by transpupillary thermotherapy, 4 (21%) by enucleation, and 1 (5%) by endoresection. The local recurrence was associated with poorer survival (Figure 1 ).
Enucleation rate
Nine (7%) eyes globes were lost, 5 due to local tumor recurrence, and 4 due to secondary glaucoma. Mean time to enucleation was 5 years. The eye retention rate was 96.6% at 3 years postoperatively, 92.7% at 5 years, and 86.1% at 10 years ( Figure 2 ).
Patients' survival
Forty-three (34%) patients died before the end of the study, out of which 24 (19%) due to metastatic disease. Metastatic death was related to: tumor size (TNM) at presentation (p = 0.002), TNM stage (p = 0.0006), but not to age (p = 0.689), largest basal diameter (p = 0.085), or tumor thickness (p = 0.079) alone, or plaque dosimetry: scleral dose (p = 0.181) and apex dose (p = 0.715). Threeyear survival in our group was 91.6%, 5-year cancer-free survival reached 84.6% (Figure 3) . With regards to stages at 5 years, it was 100% for stage I, 82% for IIA, and 75% for IIB (Figure 4 ).
Radiation retinopathy
Fifty (40%) patients were diagnosed with radiation retinopathy and/or lipid exudation without macular edema during the period of observation (Table 2) . Median time to the appearance of first symptoms of radiation damage was 3.5 years. The radiation retinopathy was related to the location of the tumor margin within 3 mm from the fovea (p = 0.047), but not to the largest basal diameter of Journal of Contemporary Brachytherapy (2017/volume 9/number 6) the irradiated lesion, plaque dosimetry, or time of irradiation (plaque activity). Seventy-two (57%) patients had a useful vision (0.1 Snellen or more) at the last recorded follow-up visit, 36 (29%) patients maintained the vision of 0.5 or more.
Discussion
This study reports the single center experience with the use of episcleral brachytherapy with ruthenium plaques for uveal melanoma during 20 years. The main strength of this study is well-documented long follow-up period, with almost all the follow-up examinations being performed in the same center. The local tumor control in our series was 83.3% at 5 years. This is comparable with what has already been reported by other authors -local tumor control varied from 81.7% [8] to 97% [4] , and confirms that ruthenium brachytherapy represents a good treatment option for small and medium-sized melanomas.
Our recurrence rate was 13.5% at 5 years post-treatment, which is acceptable and similar to that reported by other authors: 2% [9] , 11.2% [7] , 17.3% [10] , and 21.2% [11] . The local recurrence was associated with poorer survival, which has already been reported in the literature [12] . The risk of local recurrence in our series was related to largest basal tumor diameter and the posterior location of the tumor. This was also observed by other authors [9, 11] and made us review our treatment approach, proposing disinsertion of extraocular muscles to facilitate the plaque positioning under general anesthesia.
Interestingly, the risk of local recurrence was not associated with prescribed doses during the brachytherapy or the time of irradiation. This was also observed by other authors [9, 11] who emphasized the necessity of exact plaque positioning. While there are some reports [6] showing that the apical dose might be lower than 100 Gy (70-80 Gy) or higher [7] , we considered 100 Gy dose to the tumor apex as safe in terms of local tumor control and radiation side effects. The enucleation rate was 6.3% after 10 years, which is lower to that reported by other authors: 18% [8] and 19.2% [11] . Interestingly, we observed no scleral necrosis despite high scleral doses used in some cases. The main side effect of irradiation was radiation retinopathy that in our series was associated with tumor location within 3 mm from the fovea. The mean time to enucleation was 5 years, showing that most of the postoperative complications tend to appear late post-treatment, and the studies showing shorter follow-ups may underestimate the actuarial rate of side effects.
In the literature there are small series of bigger tumors being irradiated with ruthenium applicators [6, 7, 13, 14, 15] , i.e. thicker than 6 mm. Some authors report irradiating tumors thicker than 8 mm [14, 15] . In our cohort, there were 21 tumors thicker than 6 mm treated with ruthenium plaque and additional TTT with acceptable clinical outcome.
The survival rate in our group was 89.2% after 5 years, which is as expected with regards to the small or medium size of treated melanomas. The reported overall survival rates for ruthenium brachytherapy vary from 82% [11] and 83.3% [8] to 92% [10] . If divided to stages, the prognosis is more accurate, and proves accuracy and applicability of TNM 8 th edition [1, 14] . The radiation retinopathy in our series tended to appear slightly later than reported by other authors [1] . We observed some tumors started to present lipid exudation as late as 5 years post-treatment, and this was only possible to document due to long follow-up period of this study.
Conclusions
106 Ru brachytherapy provides a good tumor control and relatively high 5-year survival and is an adequate treatment option for uveal melanomas up to 6 mm of height. Nevertheless, some ocular complications tend to appear late post-treatment and therefore long-term followup is advised. 
